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,Q DGGUHVVLQJDOO IRXU SRLQWV DERYHZH VXJJHVW DQ DSSURDFKEDVHG RQ FRPELQLQJ WRSGRZQZLWK
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x /DQG VXUIDFHG LQFUHDVHG E\PHDQVRI DUWLILFLDO UHFODPDWLRQ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0DQ\PRUHLQIOXHQWLDOIDFWRUVFRXOGEHPHQWLRQHGKHUHDVWKHUHDUHWKHULVHRIWKHSULYDWHFDUDV
WKH GRPLQDQW VSHFLHV LQ 6LQJDSRUH D KRXVLQJ SROLF\ IDYRULQJ ODUJHVFDOH DQG KLJKGHQVH SXEOLF
KRXVLQJE\WKHHousing Development Board +'%ZKLFKLVUHPLQGLQJRI WKH*HUPDQµ3ODWWHQEDX¶
FRQFUHWH SUHIDEULFDWLRQ VHFRQGDU\ HIIHFWV OLNH LQFUHDVH LQ SULPDU\ HQHUJ\ FRQVXPSWLRQ DQG




QLJKW KRXUV ,Q FRQWUDVW WR WKH SHULSKHU\ ZKHUH UDLQIRUHVW DQG RFHDQ SURGXFH QDWXUDO FRROLQJ WKH
GHQVHO\ XUEDQL]HG DUHDV HVSHFLDOO\ WKH FHQWUDO EXVLQHVV GLVWULFW &%' KDV DQ HOHYDWHG WHPSHUDWXUH
OHYHO 6WURQJ ZLQGV DQG UDLQ IDOO PLJKW PLWLJDWH WKLV HIIHFW KRZHYHU WKH DYHUDJH ZLQG VSHHG ZLWK
DERXWPVLQWKHWURSLFDOFDOPVORZDQGUDLQIDOOLVUDWKHUXQSUHGLFWDEOHDVZHOODVVKRZLQJVHDVRQDO
EHKDYLRU5HDVRQVIRUWKH8+,DUHWKHFLW\¶VVSHFLILFFKDUDFWHUFKDQJHRIODQGXVHZLWKKLJKHUVSHFLILF
WKHUPDO FDSDFLW\ PDWHULDOV 	 GDUNHU DOEHGR OHVV JUHHQHU\ 	 HYDSRWUDQVSLUDWLRQ GHQVLILFDWLRQ LQ
JHQHUDO:RQJ	<X
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2YHUDUFKLQJHIIHFWV LQ6LQJDSRUHZKLFKDUH LQIOXHQFLQJ WKH ORFDOFOLPDWHEXWDUHQRW WRRI
6LQJDSRUHRULJLQRUE\6LQJDSRUHFDXVHG\LHOGDGGLWLRQDOQHJDWLYHVLGHHIIHFWVWRWKHFLW\8QGHUWKLV
FDWHJRU\IDOOVJOREDOZDUPLQJZLWKRXWVWDUWLQJDGLVFXVVLRQKHUHDERXWWUXWKDQGPDJQLWXGH±WKHUHLV







WKH WHPSRUDO YDULDWLRQ RI PDQ\ SDUDPHWHUV LQ GLXUQDO DQG VHDVRQDO F\FOHV DQG WKH SUDFWLFDO







E\ WKHLU RSHUDWRU  0HWHR*URXS    6ZLVV0HW1HW  .DQWRQH  6/)  .*9  
5HJLRZ  :HDWKHU%R[[ 0HWHR%DVH $JUR &0/DQG 3ULYDWH

NPLVWKHVL]HRI6ZLW]HUODQG:LWKPHWHRURORJLFDOVWDWLRQVKRZQLQ)LJWKHGHQVLW\
LV DERXW RQH VWDWLRQ SHU  NP HYHQ WKH GLVWULEXWLRQ LV IDLUO\ KRPRJHQRXV1RWH WKDW WKH:HDWKHU
5HVHDUFK DQG )RUHFDVWLQJ :5) PRGHO DV LW KDV EHHQ XVHG E\ /L HW DO IRU FOLPDWH PRGHOOLQJ LQ
6LQJDSRUHKDV ILYHQHVWHGGRPDLQVZLWKFHOO VL]HV UDQJLQJ IURPNP WRNPDQGD ODQG
XVH ODQG FRYHUPRGHO RQ WKH VPDOOHVW GRPDLQ 7KH XUEDQ OD\RXW LV WKXV FKDUDFWHUL]HG E\ IXQFWLRQ
ZKHUHLHUHVLGHQWLDOXVHLVRQO\FODVVLILHGLQWRWZRFDWHJRULHVRIORZDQGKLJKGHQVLW\/LHWDO
7KH VDPH VRXUFH OLVWV  ZHDWKHU VWDWLRQV IRU 6LQJDSRUH +2%2 IOX[ WRZHU DQG WKH &KDQJL
PHWHRURORJLFDO VWDWLRQ WKXV RQ DYHUDJH RQH VWDWLRQ SHU  NP 7KLV YDOXH LV YHU\ VLPLODU WR WKH
GHQVLW\ OHYHO LQ6ZLW]HUODQGDW ILUVW JODQFH<HW WKH OHYHORIGHWDLOZKLFK VKDOO EH H[SODLQHG LQ ERWK
FDVHV LVTXLWHGLIIHUHQW ,Q6ZLW]HUODQG WKH UHVROXWLRQ LV IRUSURGXFLQJD UHJLRQDO FOLPDWHPRGHODQG







VRFDOOHG XUEDQ FDQ\RQ ± D UHSHWLWLYH FDQ\RQ RI SDUDOOHO EXLOGLQJ EORFNV ZLWK VWUHHWV LQ EHWZHHQ
$VSHFW UDWLRV RI ZLGWK DQG KHLJKW RI FDQ\RQ VWUHHWV DQG EXLOGLQJV DUH WKHQ HYDOXDWHG DQG JLYH












6LQJDSRUH¶VXUEDQSODQQLQJDXWKRULWLHV DUHHPSOR\LQJD VRSKLVWLFDWHG VHWRINQRZOHGJHDQG VNLOO
VRXUFH IRU DFKLHYLQJ WKH EHVW SRVVLEOH RXWFRPH 7KLV FDQ EH UHJDUGHG DV H[HPSODU\ IRU D PRGHUQ
PHWURSROLVZKLFKFDUHVIRUWKHZHOOEHLQJRILWVPRVWYDOXDEOHUHVRXUFH±WKHFLWL]HQV7KHCenter for 
Liveable Cities LQ 6LQJDSRUH ZZZFOFJRYVJ LV WKH KLJKHVW OHYHO JRYHUQPHQWDO LQLWLDWLYH DQG
FRRUGLQDWLQJ UHVHDUFK DQG DFWLRQ RQ VXVWDLQDEOH XUEDQ OLYLQJ LQFOXGLQJ WKH FKDOOHQJH RI WKH
6LQJDSRUHDQ 8+, /RFDO XQLYHUVLW\EDVHG UHVHDUFK LV VXSSRUWLQJ WKLV HIIRUW IURP VHYHUDO UHVHDUFK
YHFWRUV)URPPHFKDQLFDODQGFLYLOHQJLQHHULQJGULYHQUHVHDUFKLVORRNLQJLQDQGIURPWKHEXLOGLQJ¶V
SHUVSHFWLYH *XLGHOLQHV DQG QRUPDWLYH VWDQGDUGV RQ HQHUJ\ HIILFLHQW EXLOGLQJ SHUIRUPDQFH DQG
WHFKQRORJ\IRFXVHG VROXWLRQV DUH GHYHORSHG KHUH (OHFWULFDO HQJLQHHULQJ IHHGV NQRZOHGJH RQ WKH
LQWHJUDWLRQRIUHQHZDEOHHQHUJ\VRXUFHV6LQJDSRUHWHVWVVRODUZDYHDQGZLQGSRZHURQVPDUWJULGV
DQG WKH LQWHJUDWLRQ RI HOHFWULF YHKLFOHV LQWR WKH VFLHQWLILF FRPPXQLW\ 7UDQVSRUW SODQQLQJ SURYLGHV
VFHQDULRVDQGRSWLPL]DWLRQIRULQGLYLGXDODQGDJJUHJDWHPRELOLW\LQFRQMXQFWLRQZLWKRWKHUHOHPHQWVRI
XUEDQ LQIUDVWUXFWXUH LH (UDWK HW DO &OLPDWH VWXGLHV GLUHFWO\ IRFXV RQ VKRUW DQG ORQJ WHUP
SURJQRVLV RI WKH XUEDQ PLFURFOLPDWH WDNLQJ WKH PDVWHU SODQ IRU XUEDQ GHYHORSPHQW LQWR DFFRXQW
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
6XUURJDWH PRGHOV DUH FRQVHTXHQWO\ HVWDEOLVKHG ZLWKLQ WKH DUFKLWHFWXUH DQG XUEDQ SODQQLQJ GRPDLQ
WKHPVHOYHV$VFKZDQGHQ:XOOVFKOHJHU0OOHU	6FKPLWW=KRQJ$ULVRQD+XDQJ%DWW\	
6FKPLWW  $VVXPLQJ D OLPLWHG EXGJHW DQG DYDLODEOH PDQSRZHU LI WKH LQWHUGLVFLSOLQDULW\ RI
UHVHDUFKJHWVPRUHFRPSOH[DQGLQWHQVHWKHGHSWKDQGOHYHORIH[SHUWLVHLQVXEGRPDLQVLVGLPLQLVKLQJ
WKHUHIRUH 6XJJHVWHG VROXWLRQV WR XUEDQ SUREOHPV PLJKW KDYH D EOLQG H\H RQ FHUWDLQ DVSHFWV )RU
H[DPSOH VHYHUDO UHVHDUFK LQLWLDWLYHV SRLQWHG RXW WKH FRVWHIIHFWLYH SHUIRUPDQFH RI SDVVLYHFRROHG
%DOLQHVHVW\OHKRXVLQJ:KLOH WKLV LV FRUUHFW WKH%DOLQHVHKRXVLQJ LVRQ WKHRWKHUKDQG VHWWOHG LQDQ
HQYLURQPHQW RI OLWWOH GHQVLW\ DQG VSDFH FRQVWUDLQV DUH XQNQRZQ $ ORZGHQVLW\ EXLOGLQJ VW\OH KDV
KRZHYHU QR UHOHYDQFH IRU D KLJKGHQVH PHJDFLW\ ZKLFK LV VWLOO XQGHUJRLQJ GHQVLILFDWLRQ DV WKH
SRSXODWLRQJURZWKUDWHH[FHHGVODQGUHFODPDWLRQ
 0HWKRGRORJ\
8UEDQ SODQQLQJ LV QRW DQ HQGHDYRU OLNH WKH FRQVWUXFWLRQ RI D FDU ZKHUH D WUDGHRII EHWZHHQ
HQJLQHHULQJRSWLPDGHVLJQDQGSURGXFWLRQFRVWVH[LVWV5DWKHUXUEDQSODQQLQJFDQEHVHHQDVDJXLGHG
SURFHVV RI FXOWXUDO DQG VRFLDO LQWHUDFWLRQ ZKHUH WKH RXWFRPH LV QRW IXOO\ SUHGLFWDEOH DV WRR PDQ\
SDUDPHWHUVIURPWRRPDQ\GRPDLQVDUHFUXFLDO)ROORZLQJWKHLGHDWKDWWKHFLWL]HQLVQHJOHFWHGLQWKH
WHFKQRFUDWLF FRQFHSW RI VPDUW FLWLHV DV GHVFULEHG XQGHU ³:RUNLQJ 'HILQLWLRQV RI D 6PDUW &LW\´ LQ
&KRXUDEL HW DO  WKH QRYHO WHUPV RI resilient cities DQG RI responsive cities KDYH EHHQ
HVWDEOLVKHG5HVLOLHQFHGHDOVZLWK WKHXQIRUHVHHDEOH IXWXUHRIFLWLHVDQGHYHQWVZKLFKFDQEHHLWKHU
VHHQDVDSRFDO\SWLFĺBlack SwansRURSSRUWXQLVWLFĺDragon KingsDQGXQGHUVWDQGVWKDWDFLW\





VLGH DQG SDUWLFLSDWRU\ OD\ SHUVRQ   FLWL]HQ LV WKH ERWWOHQHFN IRU FROODERUDWLYH SURMHFWV 7KLV LV D
SUREOHPRIDWUDQVGLVFLSOLQDU\QDWXUH$QRWKHUSUREOHPLVJLYHQZKHQWKHLQWHUGLVFLSOLQDU\H[FKDQJH
DPRQJ H[SHUWV LV KLQGHUHG 7KLV FDQ EH D VLPSOH OLQJXLVWLF SUREOHP DV WHFKQLFDO YRFDEXODU\ LV




2QH LQLWLDWLYH LQ 6LQJDSRUH KDV EHHQ NQRZQ DV WKHCooler Calmer Singapore  &&6 SURMHFW
MRLQWO\ VWDUWHG E\ (7+ =ULFK DQG E\ 78 0XQLFK LQFOXGLQJ VHYHUDO SDUWQHUV VHH
ZZZIFOHWK]FKSURMHFWFRROHUFDOPHUVLQJDSRUH DQG ZZZUSLQIREORJFRROHUFDOPHU
VLQJDSRUH$VWKHWLWOHVXJJHVWKHDWDQGQRLVHLQ6LQJDSRUHKDYHEHHQLGHQWLILHGDVWKHPDLQSURMHFW
JRDOV DQG WKH DSSOLFDWLRQ FDPH WKURXJK ERWK XQLYHUVLWLHV¶ UHVHDUFK REMHFWLYHV XUEDQ SODQQLQJ DQG




RQKHDW ILUVW DV LWZDV WKHPRUH LQWHUGLVFLSOLQDU\ WRSLF DQGPDGH LQLWLDOPHDVXUHPHQWV OHVV QHHGHG
)URP ILUVW VWXGLHV RI OLWHUDWXUH DQG VWDWHRIWKHDUW UHVHDUFK LQ XUEDQ PLFURFOLPDWH VHYHUDO
VKRUWFRPLQJVLQFXUUHQWPHWKRGVKDYHEHHQLGHQWLILHG%HUJHUEDVZHOODVZRUNDURXQGV
SUHVHQWHG%|KPH%HUJHU	0DVVLHU:DJQHU9LVZDQDWKDQ3HO]HU%HUJHU	$\GW





VLQFH DOO HQHUJ\ µFRQVXPHG¶ RU µORVW¶ HQGV XS DV HQYLURQPHQWDO ORZ FDORULF KHDW ZKLOH XVLQJ
VWDWLVWLFDOO\ ODUJH QXPEHUV RQ LWV VSDWLDOWHPSRUDO GLVWULEXWLRQ LH FDUV FRQWULEXWH KHDW PRVWO\ RQ
URDGV DQG GXULQJ GD\ WLPH WR FDOFXODWH SDWWHUQV RI HPHUJHQFH 7KLV DSSURDFK FRUUHVSRQGVZHOO WR
PDFURVFDOH XUEDQ FOLPDWH PRGHOV ZKLFK FRQVLGHU ODQG XVH LH WUDQVSRUW LQIUDVWUXFWXUH DQG WKH
GLXUQDO F\FOH RI QDWXUDO DQG PDQPDGH IRUFHV %RWWRPXS ZH VWURQJO\ EHOLHYH WKDW WKH FXUUHQW




















PDFURVFDOH XUEDQ FOLPDWH PRGHOV 'XH WR FRPSXWDWLRQDO OLPLWDWLRQV DQG WKH FRPSOH[LW\ RI WKH
SUREOHP D ZKROHLVODQG FRPSXWDWLRQ RI 6LQJDSRUH LV UHJDUGHG DV DQ LQIHDVLEOH DQG XQQHFHVVDU\
HQGHDYRU:LWKRXUQHZFOLPDWHPRGHOXUEDQGHVLJQDQGEXLOGLQJGHVLJQFRXOG IROORZHQWLUHO\QHZ
SDUDGLJPV:KHQVRIDUZLQGIORZLQFLWLHVLVHQKDQFHGIRUYHUWLFDODLUPDVVWUDQVSRUWDQGVLPXODWHGE\
WKHUPDO DQG SUHVVXUH LQYDULDQW /DWWLFH%ROW]PDQQ ZH LQ IXWXUH FRXOG IXOO\ LQFOXGH EXR\DQF\ DV D




RIXUEDQKHDW LVODQGV LQ6LQJDSRUH OHGE\WKHCooler Calmer SingaporeSURMHFWE\(7+=XULFKDQG
SDUWQHUV8VLQJ WKUHHGLPHQVLRQDO FHOOXODUDXWRPDWDDQHZDSSURDFKRIPRGHOOLQJDQGVLPXODWLRQRI
XUEDQKHDW LVODQGVKDVEHHQ VKRZQ%\ WKH FRPSOH[QDWXUHRI WKHSUREOHP WKH LQWHUGLVFLSOLQDU\DQG
WUDQVGLVFLSOLQDU\H[FKDQJHRIGDWD LQIRUPDWLRQ DQGNQRZOHGJHKDVEHHQ LGHQWLILHG DVEDUULHU±DQG
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WUDQVSRUWDWLRQ EDVHG RQ DFFHOHUDWLRQ DQG LQVWDQWDQHRXV VSHHGAutomation in Construction, 
22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%HUJHU 0 D Path creation - the case of Singapore 3DSHU SUHVHQWHG DW WKH WK ,$((
,QWHUQDWLRQDO&RQIHUHQFH3HUWK$XVWUDOLD
%HUJHU0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Urban heat-balling - A review of measures on reducing 
heat in tropical and subtropical cities.3DSHUSUHVHQWHGDWWKH6XVWDLQDEOH)XWXUH(QHUJ\
	WK6XVWDLQDEOH(QHUJ\DQG(QYLURQPHQW%UXQHL'DUXVVDODP
%HUJHU07KHXQVXVWDLQDEOHFLW\Sustainability, 6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
%|KPH3%HUJHU0	0DVVLHU7(VWLPDWLQJWKHEXLOGLQJEDVHGHQHUJ\FRQVXPSWLRQDVDQ
DQWKURSRJHQLFFRQWULEXWLRQWRXUEDQKHDWLVODQGVSustainable Cities and Society, 19
&KRXUDEL+1DP7:DONHU6*LO*DUFLD-50HOORXOL61DKRQ.6FKROO+-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Understanding smart cities: An integrative framework.3DSHUSUHVHQWHGDWWKH6\VWHP6FLHQFH
+,&66WK+DZDLL,QWHUQDWLRQDO&RQIHUHQFHRQ
&KXD%+6LQJDSRUHDV0RGHO3ODQQLQJ,QQRYDWLRQV.QRZOHGJH([SHUWV,Q5$QDQ\D	
2 $LKZD (GV Wold Cities: Asian Experiments and the Art of Being Global :LOH\
%ODFNZHOO
&ULVWLH 9 %HUJHU 0 %XV 3 .XPDU $ 	 .OHLQ %  CityHeat: visualizing cellular 
automata-based traffic heat in Unity3D. 3DSHU SUHVHQWHG DW WKH 6,**5$3+ $VLD 
9LVXDOL]DWLRQLQ+LJK3HUIRUPDQFH&RPSXWLQJ
(UDWK$)RXULH39DQ(JJHUPRQG02UGyxH]6&KDNLURY$	$[KDXVHQ.Large-
scale agent-based transport demand model for Singapore. 3DSHU SUHVHQWHG DW WKH WK
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